Phosphorylase kinase from chicken skeletal muscle. Quaternary structure, regulatory properties and partial proteolysis.
Phosphorylase kinase has been purified from white and red chicken skeletal muscle to near homogeneity, as judged by sodium dodecyl sulphate (SDS) gel electrophoresis. The molecular mass of the native enzyme, estimated by chromatography on Sepharose 4B, is similar to that of rabbit skeletal muscle phosphorylase kinase, i.e. 1320 kDa. The purified enzyme both from white and red muscles showed four subunits upon polyacrylamide gel electrophoresis in the presence of SDS, corresponding to alpha', beta, gamma' and delta with molecular masses of 140 kDa, 129 kDa, 44 kDa and 17 kDa respectively. Based on the molecular mass of 1320 kDa for the native enzyme and on the molar ratio of subunits as estimated from densitometric tracings of the polyacrylamide gels, a subunit formula (alpha' beta gamma' delta)4 has been proposed. The antiserum against the mixture of the alpha' and beta subunits of chicken phosphorylase kinase gave a single precipitin line with the chicken enzyme but did not cross-react with the rabbit skeletal muscle phosphorylase kinase. The pH 6.8/8.2 activity ratio of phosphorylase kinase from chicken skeletal muscle varied from 0.3 to 0.5 for different preparations of the enzyme. Chicken phosphorylase kinase could utilize rabbit phosphorylase b as a substrate with an apparent Km value of 0.02 mM at pH 8.2. The apparent V (18 mumol min-1 mg-1) and Km values for ATP at pH 8.2 (0.20 mM) were of the same order of magnitude as that of the purified rabbit phosphorylase kinase b. The activity of chicken phosphorylase kinase was largely dependent on Ca2+. The chicken enzyme was activated 2-4-fold by calmodulin and troponin C, with concentrations for half-maximal activation of 2 nM and 0.1 microM respectively. Phosphorylation with the catalytic subunit of cAMP-dependent protein kinase (up to 2 mol 32P/mol alpha beta gamma delta monomer) and autophosphorylation (up to 8 mol 32P/mol alpha beta gamma delta monomer) increased the activity 1.5-fold and 2-fold respectively. Limited tryptic and chymotryptic hydrolysis of chicken phosphorylase kinase stimulated its activity 2-fold. Electrophoretic analysis of the products of proteolytic attack suggests some differences in the structure of the rabbit and chicken gamma subunits and some similarities in the structure of the rabbit red muscle and chicken alpha'.